. The photoxidation of DKGA can also be mediated by illuminated chloroplasts (9) . The chloroplast system, like the flavin sensitized reaction, is poisoned by copper; like the Mehler reaction , (7, 16) , it is stimulated by added manganous ions (9, 10) . The chloroplast mediated photoxidation of DKGA is less sensitive to copper poisoning when added manganese is present in the reaction mixture. This apparent protective action of manganese led us to test other chloroplast reactions for possible protective effects and for reversal of copper inhibition by manganese. In all of the reactions studied (Quinone-Hill reaction, Mehler reaction, and DKGA photoxidation) added manganous ions reduce sensitivity to copper inhibition. In the Mehler reaction, copper inhibition can be reversed by adding manganes;e. Glutathione (GSH), which alone does not affect Mehler rates, enhances the effects of manganese (i.e., still higher concentrations of copper must be added to inhibit the reaction). ' Supported by Grant Number GB 3840 from the National Science Foundation and Public Health Service Fellowship Number 1-F3-GM-33, 007-01 from the National Institute of General Medical Sciences.
2Abbreviations used in the text are: DKGA, diketogulonic acid; DHAA, dehydroascorbic acid; FMN, flavin mononucleotide; GSH, glutathione.
The effects of added manganese on copper inhibited chloroplast reactions suggest that maniganese may provide a natural protective mechanism against levels of copper which might otherwise be toxic. There is evidence that such an antagonism may exist in nature. Forster (3) has found that excess manganese accumulates in the tops of crops grown in soils having an unusually high copper content.
Materials and Methods
Chloroplasts, prepared as previously described (6) from Phytolacca americana collected in the field, were stored at -850 until used. The data in Fig. 1 show the differences in sensitivity to copper between reaction mixtures containing added manganese (the "plus Mn2--" and An equally plausible mechanism suggested by the apparent antagonism between copper and manganese is that these metal ions influence membrane perme--ability. The observed synergism betveen manganese -and GSH supports this hypothesis. Although the data suggest possible mechanisms to account for the antagonism between copper and manganese, it is not possible to choose between these or other mechanisms on the basis of the experiments described here.
However, a single basic phenomenon emerges fron these diverse observations: added manganese has a protective effect against the generally inhibiting action of copper an the photosvnthetic apparatuis.
